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1 |  INTRODUCTION
Regenerative endodontic treatment is one of the most innova-
tive challenges for the clinician in the management of necrotic 
teeth with immature apices. In the past apexification with cal-
cium hydroxide or placement of a mineral trioxide aggregate 
(MTA), apical plug yielded satisfactory outcomes in terms of 
resolving the patients’ clinical signs and symptoms and peri-
apical radiolucent lesions.1-3 Although they were predicable, 
these traditionally treatment protocols for immature nonvital 
teeth often did not promote either the roots development or 
the pulp-dentin complex and its functions. Regenerative en-
dodontic procedure (REPs) or revascularization procedures 
were introduced nearly fifteen years ago4 to overcome the 
arrest of root formation and dentin-pulp complex develop-
ment.5 The principles of REPs were borrowed from tissue 
engineering: mesenchymal stem cells derived from the lac-
eration of apical papilla (SCAPs), a suitable 3-dimensional 
(3-D) matrix scaffold for appropriate organization of stem 
cells, and growth factors that could influence and act on the 
stem cells environment.6 The interaction of these three ele-
ments permits the continue root formation and the restoration 
of immune and sensory function within the pulpal space.7
Complete root development allows a favorable crown to 
root ratio and improvement of dentinal wall thickness and 
it promotes the development of biological tissue in the root 
canal, all of which could contribute to reducing the risk of 
root fractures that can occur after MTA and/or calcium hy-
droxide apexification procedures.1,8,9 The biological balance 
between the efficient eradication of preoperative root canal 
infections10,11 and the survival of stem cell and bioactive 
properties of root dentin11,12 heavily influences the success 
of REPs.
A low concentration of sodium hypochlorite (NaOCl) 
1.5% and the subsequent use of 17% EDTA have a minimal 
effect on stem cells survival and promote the release of bio-
active molecules from dentinal matrix.13 Early case reports 
of revascularization/regenerative endodontics describe the 
successful use of an antibiotic mixture as intracanal/inter-
appointment medication to improve the eradication of root 
canal infections in necrotic teeth with immature root devel-
opment.4,14,15 Triple (TAP) or double (DAP) antibiotic past 
consisting of ciprofloxacin, and metronidazole with or with-
out minocycline commonly used in REPs, has a toxic effect 
on SCAPs at high concentration.12,16
As in the apexification procedure, the use of interappoint-
ment medications in REPs did not permit a single visit pro-
cedure, thereby further increasing microbial contamination 
from oral cavity with a negative impact on the vitality of the 
apical papilla.17 There are only a few case reports of success-
ful single-visit regenerative endodontic treatment that used ir-
rigant solutions alone to manage the intracanal infection.18,19
Recently, a new desiccant agent, HYBENX® cleanser 
(EPIEN Medical Inc, St. Paul, MN, USA), was introduced 
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for endodontic therapy; the manufacturer recommended the 
use of HYBENX® cleanser as an adjunctive rinse for root 
canal systems. HYBENX® cleanser (EPIEN Medical Inc, St. 
Paul, MN, USA) is a mixture of hydroxybenzenesulfonic and 
hydroxymethoxybenzene acids. It is a debriding solution for 
plaque and oral biofilm control in periodontal and endodontic 
disease.20,21
It was successfully used for the treatment of chronic peri-
odontitis to enhance the efficacy of traditional therapy (scal-
ing and root planing), and it reduces pathogens of periodontal 
socket biofilm.22,23 Consistent results were described in a case 
report for the treatment of an acute periodontal abscess.24
The present report describes 2 regenerative endodontic 
treatment using HYBENX® cleanser as antibiofilm agent in 
two immature necrotic teeth with periapical radiolucency.
1.1 | Cases report
1.1.1 | Case 1
A 15-year-old boy presented to the Endodontics Clinic of the 
Unit of Dentistry of the Careggi University Hospital in June 
2018; he was referred for evaluation of right second man-
dibular premolar. The patient had no significant medical his-
tory or known drug allergies. The parents reported a previous 
episode of pain and swelling for which his dentist prescribed 
antibiotic therapy (amoxicillin) for 6 days before performing 
a pulpotomy and a temporary restoration.
During the first visit, extra-oral examinations were within 
normal limit, and the second mandibular premolar was cor-
onally restored with Cavit (3M ESPE, St Paul, MN). It was 
sensitive to percussion and palpation and not responsive to 
cold pulp testing when compared to the contralateral tooth; 
no mobility and a normal periodontal probing depth were re-
corded. Radiographic examinations showed a periapical ra-
diolucent area and a radiopaque intracanal medication; root 
length, thickness of canal walls, and the opening of the apex 
confirmed the incomplete root development (Figure  1A). 
After discussing the possible treatment options, patient's par-
ents approved the regenerative endodontics therapy and pro-
vided informed written consent.
The study design was approved by the Ethical Committee 
of the Careggi University Hospital (Permission no. SPE 
16.302). The study was conducted in full accordance with the 
World Medical Association Declaration of Helsinki on ex-
perimentation involving human subjects, as revised in 2008.
The second mandibular premolar was anesthetized with 
3% mepivacaine (Scadonest Septodont; Cedex, France) with-
out vasoconstrictor in order to obtain an inferior alveolar nerve 
block. The tooth was isolated with rubber dam, and Cavit was 
removed. The entire procedure was performed under surgical 
microscope: The access was refinished using an ultrasonic tip, 
Start-X 3 (Dentsply Maillefer Ballaigues, Suisse). The canal 
was copiously irrigated with sterile water and dried for inspec-
tion; no apical vital tissue was detected. The working length 
(WL) was determined by placing a size #80 hand K-file at the 
end of the root canal under magnification and was confirmed 
with a periapical radiograph. The canal was irrigated with 
2.5% of NaOCl and gently dried with paper points; 2ml of 
HYBENX® cleanser (Epien Medical, Inc, St. Paul, USA) was 
introduced into the canal using a capillary tip 2 mm shorter 
than the WL. A paper point was inserted into the canal 2-mm 
short WL with an up-and-down movement for 30 seconds to 
favor a homogeneous distribution on the root canal walls. The 
HYBENX® cleanser was completely removed using 5  ml 
of sterile water as the final irrigant and sterile paper points 
were used to dry the root canals and to confirm no sign of 
bleeding or exudate for the entire WL. The bleeding was in-
duced over-instrumenting with a #30 hand K-file beyond the 
apex. Hemostasis was promoted with a sterile cotton pellet at 
the level of the cementoenamel junction, 3 mm of Pro-Root 
MTA (Dentsply Tulsa Dental, Tulsa, OK) was placed over the 
formed blood clot to seal the coronal portion of the root canal, 
and a radiograph was taken (Figure 1B).
About 3  mm RelyX™ Unicem Self-Adhesive Universal 
Resin Cement (3M ESPE, Seefeld, Germany) was used to 
cover the MTA plug, and in the same appointment, the tooth 
was coronally restored with self-etch adhesive cement asso-
ciated with composite resin.
Follow-ups were advised every 6  months during a 12-
month period. No pain, swelling, or tooth discoloration was 
Key Clinical Message
The present report demonstrates that desiccant agent 
Hybenx cleanser could be used successfully in ne-
crotic teeth with incomplete root development and 
apical lesion to realize single appointment regenera-
tive endodontic therapy.
CLINICAL RELEVANCE
Scientific rationale for the study: Patients with 
immature necrotic teeth could be treated in a single 
appointment.
Principal Finding: The present report demonstrates 
that desiccant agent Hybenx cleanser could be used 
successfully in necrotic teeth with incomplete root 
development and apical lesion.
Practical implications: The present report docu-
ments two successful single appointment regen-
erative endodontic therapy using desiccant agent 
Hybenx cleanser in necrotic teeth with incomplete 
root development and apical lesion.
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reported at any of the control visits. There was no mobility or 
response to thermal pulp tests, and probing depth was within 
normal limits.
At six months, radiographic examination of treated tooth 
showed an almost completely radiographic resolution of the 
initial periapical radiolucency; no root development was ob-
served. An intracanal radiopaque area was detected under the 
MTA plug at baseline and at the 6-month radiographic fol-
low-up (Figure 1C).
At 12 months in treated tooth, a complete resolution of the 
periapical radiolucent area has been observed; there was no 
improvement of root development with respect to the base-
line and 6-month radiographic follow-up (Figure 1D).
1.1.2 | Case 2
An 8-year-old boy was referred to Endodontics Clinic of 
the Unit of Dentistry of the Careggi University Hospital 
for examination of first mandibular left molar. The clini-
cal examination during the first visit did not reveal signs 
of swelling, or pain to percussion and palpation. The first 
mandibular molar had a deep occlusal caries and no re-
sponse to cold test; no pathologic periodontal probing 
depth or mobility was recorded. Radiographic examina-
tion revealed a large periapical radiolucency encompassing 
both the mesial and distal roots with incomplete root devel-
opment in terms of length and thickness (Figure 2A). Pulp 
necrosis associated with asymptomatic apical periodontitis 
was diagnosed.
After discussing possible treatment options, the patient's 
mother opted for pulp revascularization and she gave her in-
formed consent.
The study design was approved by the Ethical Committee 
of the Careggi University Hospital (Permission no. SPE 
16.302). The study was conducted in full accordance with the 
World Medical Association Declaration of Helsinki on ex-
perimentation involving human subjects, as revised in 2008.
The tooth was anesthetized with 3% mepivacaine 
(Scadonest Septodont; Cedex, France) without vasoconstric-
tor, and it was then isolated with a rubber dam. After remov-
ing carious tissues, the endodontic access was completed 
using a diamond-coated fissure bur (801 Komet, Milan, 
Italy) with copious sterile water; bleeding and exudate were 
observed. A total of 20 ml of irrigation with 2.5% NaOCl was 
used to manage the exudate and the bleeding from all roots 
canals. The residual necrotic pulp tissue was removed. The 
WL was determined with a periapical radiograph acquired 
by placing a size #60 K-file at the end of both roots canals.
The canals were dried with paper points, and 2ml of 
HYBENX® cleanser was introduced into the canal using a 
capillary tip 2 mm shorter than WL. A paper point was used 
with an up-and-down movement to promote a homogeneous 
distribution into both canals. The HYBENX® cleanser was 
completely removed using 5 ml of sterile water as the final 
irrigant; sterile paper points were used to dry the root ca-
nals and to confirm that there was no bleeding or exudate 
throughout WL. As described before, bleeding was induced; 
3 mm of Pro-Root MTA (Dentsply Tulsa Dental, Tulsa, OK) 
was placed and covered with RelyX™ Unicem and compos-
ite resin. A final postoperative radiographic examination was 
taken (Figure 2B).
At the 6- and 12-month follow-up visits, the patient re-
ported no pain, swelling, and/or tooth discoloration; the 
treated tooth responded negatively to electric pulp test. 
Radiographic examination at 6-month follow-up showed a 
F I G U R E  1  Treatment of second 
mandibular right premolar. (A) Diagnostic 
radiograph that showed the presence of 
radiopaque intracanal and coronal filling 
associated with periapical radiolucent 
lesion. (B) Radiograph of tooth to check 
the placement of MTA barrier. (C) Six-
month radiographic follow-up showing the 
complete resolution of periapical radiolucent 
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reduction of periapical radiolucency adjacent to the mesial 
and distal roots (Figure 2C). At 12 months, the treated man-
dibular molar showed a complete resolution of the periapical 
lesions, no development of roots has been detected in terms 
of thickness and length, and the roots showed a partial apical 
closure (Figure 2D).
2 |  DISCUSSION
Regenerative endodontic therapy considers various operative 
protocols to manage non-vital permanent immature teeth. 
One of the differences between the proposed techniques con-
sists of different irrigant protocols adopted to eradicate bio-
film from canal spaces. Bacterial molecules or metabolites 
might hinder the survival and the differentiation process of 
stem cells,25 growth factors, and scaffold in order to achieve 
a predictable and successful outcome.11 The American 
Association of Endodontics recommended the use of antibi-
otics at low concentrations,5 even though a recent in vitro 
study documented that low concentrations of DAP were not 
able to ensure a complete eradication of biofilm and prevent 
the possible repopulation of residual bacterial from the oral 
cavity.26 Antibiotic eluting-polymer nanofibers to deliver 
drugs to strengthen the antimicrobial effects of antibiotics 
on dentin biofilm and the ability of dental pulp stem cells to 
attach and proliferate on dentin surfaces have been recently 
tested in vitro.27
However, the disadvantages correlated with the use of 
antibiotic paste, such as discoloration and the length of the 
therapy due to interappointment medications,28,29 have not 
been resolved.
The need for a single appointment protocol in regenerative 
endodontic treatments was supported by recent randomized 
clinical trial that compared results obtained after immediate 
and delayed induction for necrotic immature teeth.30
As suggested in a recent systematic review,31 the length of 
the treatment is strictly connected to the disinfection process 
as well as the maintenance of vitality of the apical papilla32: it 
is significantly longer in regenerative endodontic procedures 
than in the MTA apical technique. The review maintains that 
only after the use of intracanal medication, ranging from a 
few days to months, a blood clot associated with the MTA 
apical barrier may be used as scaffold.31 The biological prin-
ciples of single visit REPs are based on the antibiofilm effect 
of irrigant solution to manage the intracanal infection of im-
mature necrotic teeth. The importance of predictable disin-
fection protocol has been also stressed in a recent review.33 
Tagelsir et al showed that only 5 minutes of 1.5% NaOCl has 
an antibiofilm effect comparable to 500 mg/mL of DAP and 
Ca(OH)2 with one-week exposure: both strategies permit a 
complete eradication of Enterococcus Faecalis biofilm.26
In the present case reports, the efficacy of irrigants solu-
tions was improved with the use of HYBENX® cleanser. The 
mechanism of actions of desiccant agents is not completely 
understood but it may be attributed to the high affinity of 
sulfonic/sulfuric acids to bind water present in the biofilm 
leading to its detachment and destruction.24,34 The use of 
HybenX as oral tissue decontaminant in vital pulp therapy 
has been documented only in dogs, where it showed better 
odontoblast inductive properties than Ca(OH)2.35 In REPs, 
the use of desiccant agents can improve the antimicrobial ac-
tions of irrigant solutions during chemical decontamination 
of the root canal space. It may be very important because the 
F I G U R E  2  Treatment of first left 
mandibular molar. (A) Preoperative 
radiograph of molar tooth. (B) Postoperative 
radiograph of first molar after treatment. 
(C) Six-month radiographic follow-up 
demonstrating the resolution of periapical 
lesion. (D) Twelve-month follow-up 
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bacteria biofilm in immature necrotic teeth is different than in 
mature teeth.36 In a recent study, Jacobs et al reported a more 
antibiotic-resistant bacterial biofilm in immature teeth and 
that these teeth are more susceptible to bacterial repopulation 
than mature teeth.37 Bacterial resistance is one of the greatest 
challenges facing the scientific community.
In the two reported cases, adequate bleeding and blood 
clots were obtained by pushing a K-file beyond the apex, while 
no matrix was used to assist in the placement of MTA. Based 
on Botero et al observations,42 the intracanal bleeding can 
represent a crucial step in predicting the final results. Failure 
occurred after 3 months in the cases where intracanal bleed-
ing cannot be established.30 Finally, the lack of interappoint-
ment medications such as the use of TAP/DAP or Ca(OH)2 
prevents the risk of discoloration and bacterial regrowth 
within the root canal system,32,38 enhancing the patient com-
pliance.18 Neither case showed a continued root development 
except for a slight apical closure on the roots of #19 tooth as-
sociated with the resolution of the apical lesion and absence 
of clinical signs at the 12-month follow-ups. These findings 
are in agreement with the review by Torabinejad et al that 
reported a vary rate of root development varying from 21% to 
100% and an average tooth follow-up time of 16.7 months.31
In Case 1, tooth #20 showed an intracanal radiopaque line 
below the MTA plug. Although this radiopaque line may be 
similar to the calcific barrier reported by Song et al,39 it might 
not be revascularization-associated intracanal calcification 
because it was already present at the end of the therapy.
The use of two-dimensional images (endo-oral radio-
graphs) represented a limitation when interpreting the results 
of the present study even if a standardized angulation has 
been used in each follow-up radiograph.
The proposed protocol consents a single appointment 
therapy, which is fundamental in young patients with poor 
compliance and difficult follow-ups.
The results of the present study support the use of 
Hybenx® in regenerative endodontic therapy, even more mi-
crobiological studies are needed to set up the best protocol 
of disinfection to control the intracanal biofilm and contem-
porary preserve the vitality of stem cell in the apical papilla.
Further clinical studies with larger sample sizes are still 
required to support the successful outcome of regenerative 
endodontic treatment with Hybenx®.
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